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SUMMARY 
/ +Transonic wind tunnel tests are reported on a 1/20th scale model of the Jindivik target 
aircraft for Mach numbers in the range 0:5 to 0,9. The purpose of these tests was to 
determine the effect of the addition of a flare pack to the lower rear fuselage on the lateral 
and longitudinal stability of the aircraft and on the tailplane and elevator effectiveness. 
‘ The results indicate that the effect of the flare pack is very small and should not signifi- 
cantly degrade the stability or performance of the aircraft. Le 
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16. ABSTRACT 
Transonic wind tunnel tests are reported ona 1/20th scale model of the Jindivik target 
aircraft for Mach numbers in the range 0-5 to 0-9. The purpose of these tests was to 
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NOTATION 


Tailplane effectiveness = ICi7/dar = ICLT/dInT 1 
Elevator effectiveness = 3Ci7/dn 

Model nominal wingspan = 11-40 in (289-56 mm) 

Cross wind force coefficient = Cross wind force/dpv?S 

Drag force coefficient = Drag force/}pv?S 

Lift force coefficient = Lift force/jpv?S 

Tailplane lift force coefficient = Tailplane lift force/dpv?Sr 

Axial force coefficient = Axial force/jpv?S 

Base force coefficient = (ps — p)Sa/kpv?S 

Side force coefficient = Side force/ipv?S 

Normal force coefficient = Normal force/Spv?S 

Rolling moment coefficient = Rolling moment about centre of gravity/jpv?Sb 
Pitching moment coefficient = Pitching moment about centre of gravity/}pv*Sc 
Yawing moment coefficient = Yawing moment about centre of gravity/}pv?Sb } 
Model wing chord = 2-40 in. (60-96 mm) 

Effective dihedral = (0C1/38) «, M = const. 

Free steam Mach number 

Weathercock stability derivative = (0Cn/dB) «, M = const. 

Free stream static pressure i 
Model base pressure 

Reynolds number based on model wing chord. 

Model nominal wing area = 27-36 in? (17651 mm?) 

Model base area = 0°83 in? (535-5 mm?) 

Model nominal tailplane area = 5-265 in? (3396 mm?) 

Free stream velocity 


Angle of incidence: the angle between the wind vector and its projection in 
the chordal plane. 


Alternative angle of incidence: the angle between the model axis and the projection 
of the wind vector on the model plane of symmetry. 


Tailplane angle of incidence. 


Angle of sideslip: the angle between the wind vector and its projection on the 
model plane of symmetry. 


Elevator angle with respect to tail plane chord. 


Elevator angle to trim (Cm = 0). 


rd 


a ore Ore OES 


a ie 


7. 


i 
‘ 


5 Ow 
4 ‘ 


al 


fee 


Tailplane angle with respect to fuselage reference line. 
Tailplane angle to trim (Cm = 0). 

Free stream density. 

Model roll angle. 


Notes: 
(i) See Figure | for sign conventions for forces and moments and attitude angles. 


(ii) The nominal aircraft centre of gravity was taken to be located at 0-2 ¢ and 0-1125 in. 
(2-8575 mm) (modet scale) below the fuselage reference line. 


(iii) Since the full scale aircraft and the model were both manufactured before the intro- 
duction of S/ units, all dimensions have been expressed in feet and inches, with the 
equivalent S/ unit following in brackets where appropriate. 


’ 1. INTRODUCTION 


For a particular application of the Jindivik target aircraft it was proposed that a flare 
pack be mounted on the lower rear fuselage of some aircraft. A comparison of the lateral and 
longitudinal stability and tailplane and elevator effectiveness with and without the flare pack 
fitted was requested by the Government Aircraft Factory and a wind tunnel test programme 
proposed. A 1/20th scale complete model of the Jindivik 203B was available and a scale model 
of the flare pack was manufactured and mounted on this model. The present note reports 
six-component force and moment measurements conducted in the transonic wind tunnel of the 
Aeronautical Research Laboratories during August and September 1979. 


2. TEST DETAILS 


2.1 Model 
Throughout the test programme a |/20th scale complete metal mode! of the Jindivik 203B 
aircraft was used. The major features of this configuration were as follows: short wing with } 


Mk 8 fuel pods (with fins), nominal + 1° twisted flap. fixed aileron drooped at + 14°. No intake 
ducting was represented. An unfaired landing skid was represented in the stowed position on 
the underside of the fuselage. For all tests except those for determining tailplane and elevator 


effectiveness, the tailplane angle was set to the current standard value (77 = —4°) with the 
| elevator undeflected. The main dimensions of the model and full-scale aircraft are given in 
’ Table | and a sketch of the aircraft is presented in Figure 2. 


t The flare pack was mounted as shown in Figure 3 with its centreline parallel to the fuselage 
reference line. This figure also gives the dimensions of the flare pack which were as specified 
by the Government Aircraft Factories. Photographs of the mode) with the flare pack in place 
ate presented in Figures 4 and 5. 

Owing to the low Reynolds number of the tests (approximately 0-45 x 10%) boundary 
layer transition was fixed an all windswept surfaces by bands distributed of roughness. These 
roughness bands were placed on the upper and lower surfaces of the wing, tailplane, fin, fuselage, 
pods and pod fins and consisted of approximately 3mm wide bands made up of particles 
0-15 mm diameter with a coverage of 10—-20°,. 


—— 


2.2 Wind Tunnel 


“a The tests were conducted in the transonic wind tunnel of these laboratories. The nominal 
ms dimensions of the tunnel test section are 0-81 m by 0-53 m. For these tests, all test section walls 
a were longitudinally slotted (Fig. 6) with an open area ratio at the model location of 10-5%. 
2 The maximum frontal cross-sectional area of the model at zero incidence was 5-36 in? 
(3458 mm?) giving a blockage ratio of 0-81°,. Since the range of incidence of the tests was limited, 
No tunnel interference corrections were applied to the results. 

Mach number and dynamic pressure were derived from measurements of the static pressure 
in the plenum chamber surrounding the test section and of the static pressure in the contraction 
entry, assuming these to be the static and total pressures respectively of the test section flow. 
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2.3 Test Programme 


Six component force and moment coefficient were measured for both the clean aircraft 
and with the flare pack in place. The tests covered a range of incidence of —3°< a < 7° (at 
4 zero sideslip) and a sideslip range of 0° < 8 < 4° (at zero incidence). Model attitude was corrected 
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for sting and balance deflections under load. The range of Mach number tested was 0-5 < m < 
0-90 in eight steps. 

In addition, tests were conducted to determine the effect of the flare pack on tailplane and 
elevator effectiveness. These tests covered seven tailplane angles in the range —2}°< yr < +3}° 
(for —3°< « < 7°, B = 0°, 7 = 0°) and six elevator angles in the range —15°< » < +10° 
(for O< « < 6°, 8 = 0°, nr = +4°). 

Tailplane and elevator angles referred to in the tabulated results in Tables 2 and 3 are 
nominal angles: the corresponding measured angles are tabulated balow. 


Nominal Measured Nominal 


nT 


Measurement accuracy for the above angles was +0-02° for nr and +0-05° for ». 


For all tests, the Reynolds number (based on wing chord) was kept approximately constant 
at 0-45+0-03 x 16® by varying tunnel pressure. 


3. RESULTS AND DISCUSSION 
3.1 Longitudinal Stability 


Figures 7 and 8 show the effect of the flare pack on the variation of lift coefficient with 
incidence, and on the variation of lift curve slope with Mach number. In both cases, the effect 
of the flare pack is extremely small. The effect on pitching moment is shown in Figure 9 where 
pitching moment coefficient is plotted against lift coefficient and in Figure 10 whcre pitching 
moment coefficient is plotted against Mach number. A slight increase in nose up pitching moment 
with the flare pack in place is evident in both these figures. This increase is probably associated 
with a decrease in tail lift due to interference from the flare pack. Drag coefficient is plotted 
against lift coefficient in Figure 11 and against Mach number in Figure 12. As would be expected 
the flare pack gives rise to a small increment in drag coefficient. This increment is always less 
than 0-005 and the major effect of the flare pack is to produce a small ‘drag creep” just before 
the drag rise Mach number. 


3.2 Lateral Stability 


The effect of the flare pack on yawing moment coefficient and on the weathercock stability 
derivative is shown in Figures 13 and 14. The increase in lateral area contributed by the flare 
pack leads to a small increase in weathercock stability derivative (3C,/28) giving a slightly 
greater stability margin throughout the tested range of Mach number. The increase in lateral 
area also accounts for the increased slopes of the sideforce coefficient versus sideslip curves 
presented in Figure 15, but once again the effect is quite small. As would be expected, the effect 
of the flare pack on the variation of rolling moment coefficient with sideslip and of effective 
dihedral (31/38) with Mach number plotted in Figures 16 and [7 is virtually nonexistant. 
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3.3 Tailplane and Elevator Effectiveness 


The effect of the flare pack on tailplane and elevator effectiveness is obtained from com- 
parisons with curves derived for the clean aircraft in Reference |. The slight increase in nose 
up pitching moment caused by the flare pack is reflected in the curves of tailplane angle to trim 
(Cm = 0) and tailplane effectiveness plotted against Mach number in Figures 18 and 19. Although 
there is significant scatter in the results, the general trend is for an increase in tailplane angle 
to trim and a decrease in tailplane effectiveness due to the addition of the flare pack, although 
once again the effects are very small. No such trends are apparent in Figures 20 and 21 in which 
elevator angle to trim and elevator effectiveness are plotted against Mach number. In this case 
the curves with the flare pack fitted are very close to those for the clean aircraft. 


4. CONCLUSIONS 


Transonic wind tunnel tests have been carried out to determine the effect of the addition 
of a flare pack to the Jindivik 203B aircraft on its lateral and longitudinal stability and tailplane 
and elevator effectiveness. The tests were conducted on a 1/20th scale model equipped with 
a six-component strain gauge balance. The tests covered angles of incidence from —3° to 7° 
and angles of sideslip from 0° to 4° for Mach numbers between 0-5 and 0-9. In general, the 
effect of the flare pack was found to be very smail, the only significant changes being to pitching 
moment, drag and yawing moment. The effect on pitching moment was to produce a slight 
increase in nose up pitch throughout the test range. This increase, which is evidently associated 
with a decrease in tailplane lift due to interference from the flare pack, was also reflected in 
a small increase in tailplane angle to trim and a corresponding decrease in tailplane effectiveness. 
The effect on drag was to produce a small drag increment (less than 0-005) with the major 
effect being a small “drag creep” before the compressibility drag rise. Due to the increase in 
lateral area, the effect of the flare pack on yawing moment was an increase in the weathercock 
stability derivative. 

None of these effects produced a significant degradation in the overall stability of the air- 
craft and hence, on the basis of these tests, the addition of the flare pack should not significantly 
affect the performance of the aircraft. 
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TABLE 1 
Main Dimensions of Model and Full Scale Aircraft ; 


| 
| Model Scale | Full Scale 


(1) Wing 
Chord 2-40in. | 48-00in. 
Span (nominal) 11-40 in. 228-00 in. 
To centreline of pods ;  11-82in. 236-48 in. 
Gross wing area | 27-36in.2 | 76:0 ft.2 
Wing section NACA 64-106 (modified) 
Aspect ratio \ 4-75 
Taper ratio 
Leading edge sweep 
Trailing edge sweep 
Dihedral 
Incidence relative to F.R.L. 

(2) Flaps i 
Chord -60 in. 12-00 in. 
Span (per side) ‘45in. 68-95 in. 
Area (per side) ‘O7in2 | 827-4 in2 i 
Distance from inboard end to aircraft datum 15-75 in. 
Neutral { Inboard 
Setting | Outboard 
Nominal setting 

(3) Ailerons 
Chord 

: Span (per side) 

Area (per side) 
Distance from inboard end to aircraft datum; 
Neutral setting 

(4) MK.8 Pods 
Overal length 


Diameter 
Distance from pod centreline to F.R.L. “91 in. 118-24 in. 
Distance from pod nose to 25% wing chord 3-70 in. 74-09 in. 
(5) Pod Fins 
Distance from pod nose to fin trailing edge | 6-25 in. 125-00 in. 
Root chord 1:20in. 24-00 in. 
Tip chord 0-60in. 12-00 in. 
Maximum height above pod centreline 0-91in. | 18-25 in. 
Angle between fin and F.R.L. 25° 
. Aerofoil section NACA 64-008 (modified) 
ke (6) Tailplane 
j Chord 1°35 in. 27-00 in. 
7 Span 3-90 in. 78-00 in. 
“4 Gross area 5-265in.2 , 2106-0in.2 
| Aspect ratio : 
4 Taper ratio 
; j Sweep at quarter chord 
3 Incidence relative to F.R.L. —0°27° 
‘ : Aerofoil section 
a“ 
4 
4 


TABLE 1 (Continued) 4 
Main Dimensions of Model and Full Scale Aircraft 
| Model Scale Full Scale 
(7) Elevators 
Chord 0-45 in. 9-00 in. 
Span (per side) | 1:63in. | 32-64in. 
Area (per side) i 0-73 in2 293-4 in.2 
Distance from inboard end to F.R.L. 0-28 in. 5-55 in. 
(8) Fin 
Maximum height above F.R.L. 2:64in. | 52-80in. 
Gross area above tailplane chord / 2+35in2 938-9 in.2 
Sweep back of leading edge 2 
Sweep back of trailing edge 
Tip chord 1:20in. {| 24-00in. 
Root chord 1-60 in. 32-00 in. 
Aerofoil section ‘ (NACA 64-006 (modified) 
(9) Fuselage 
Overall length (excluding pitot probe) 13-99in. | 279-75in. i 
Maximum height excluding skid beam 1:90in. | 38-04 in. ; 
Maximum width 1:65in. {| 33-00in. 
Distance of 25° wing chord aft of STN ‘O’ 6-61 in. 132-25 in. 
Distance of 25% wing chord below F.R.L. 0-4] in. 8-25 in. 
Distance of 25% tailplane chord aft of STN‘O’ 12-27in. | 245-45 in. 
Distance of 25% tailplane chord above F.R.L. 0-86 in. 17-24 in. 
Distance of fin trailing edge aft of STN‘O’ 13-17in. | 263-37in. 
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INDEX TO TABLES 2 AND 3 


Table No. | Flare pack 


NOTATION FOR TABLES 2 AND 3 


The following notation refers to the computer generated data listings in 
Tables 2 and 3. Where appropriate, the corresponding notation from the 4 
( main body of the note is also included { 


Table 2 Main Body Explanation 


Notation Notation 


SER Serial number 

REYN Reynold’s number 

MACH Free stream Mach number 
INCID. Angle of incidence 

LIFT. | Lift coefficient 

PITCH ; i Pitching moment coefficient 
DRAG Drag force coefficient 
NORMAL Normal force coefficient 
AXIAL Axial force coefficient 
CLSQ. | Lift coefficient squared 
BASE Base force coefficient 
AINC Alternative angle of incidence 
SLIP Angle of sideslip 

CROSS Cross wind force coefficient 
YAW M. Yawing moment coefficient 
ROLL M. | | Rolling moment coefficient 
RANG Roll angle 

SIDE F Side force coefficient 
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TABLE 2 
Tabulated Results 
Clean Aircraft 
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FICURE 2. VARIATION OF LIFT COEFFICIENT WITH INCIDENCE. 
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FICURE 13, VARIATION OF YTAWING MOMENT COEFFICIENT WITH SIDESLIP. 
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FICURE 14. 


VARIATION OF WEATHERCOCK STABILITY DERIVATIVE WITH MACH NUMB 
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FICURE 15. VARIATION OF SIDE FORCE COEFFICIENT WITH SIDESLIP. 


‘ 

4 
mi 
a 
‘ 
“4 
=| 
4 
4 
t 
4 
1 

Wo Maem ON sasenty Star 


a Tee * me 
018 + : 
a ee 
? 
| 8 aie F 


* x 

@. 

i. 

acme eanee 

{ 
i 
t 
, 

/ 

eet eee 8 eee ee sy ts ht ee et 


’ | Prmnne tenn 
I ESS no 
= S 
t+ pate | 
“8.018 
| 
x 
aero ae po 3 eb etc al a NS SS ek i NS a Ml 
' 3.8 2.8 1.9 2.8 1.8 2.6 a 4.8 5.8 6.68 7.8 
ee SYMBOL on SYMBOL om 
‘ x .58 ' .58 
p + 78 ' -76 
Bs 4 75 ° 75 
7 CLEAN HIACRAFT 9 ,08 tLARE PACK ON 4 08 
; es 2 eee ' 8 
o . 86 * 06 
Y 08 u 08 
1 ” 98 x 98 


FICURE 16. VARIATION OF ROLLING MOMENT COEFFICIENT WITH SIDESLIP. 
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FIGURE 17. VARIATION OF EFFECTIVE OFHEDRAL WITH MACH NUMBER. 
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